Background: Diabetes mellitus (DM) is known to induce oxidative stress along with deranging various metabolisms; one of the late complications of diabetes mellitus is diabetic retinopathy, which is a leading cause of acquired blindness. Poor glycemic control and oxidative stress have been attributed to the development of complications like diabetic retinopathy. The aim of this study was to analyze and correlate oxidative stress marker, Malondialdehyde (MDA), and antioxidants (erythrocyte glutathione, vitamin C) along with glycosylated hemoglobin (HbA 1c ) and fasting blood sugar (FBS) in diabetic patients with and without retinopathy.
Introduction
Multisystem effects of diabetes mellitus (DM) such as retinopathy, nephropathy, neuropathy, and cardiovascular diseases are important public health concerns. Diabetic retinopathy (DR) is one of the leading causes of blindness in the world. [1] Using new surgical and medical techniques, the incidence of blindness can be reduced up to 90%. DR is one of the leading causes of decrease in visual acuity, which is associated with maculopathy or proliferative complications of it other than cataract. Chronic hyperglycemia and its associated nonenzymatic glycation play an important role in the development of microangiopathy. There are a series of risk factors related to the development and progression of DR such as duration of DM, poor glycemic control, and oxidative stress. [2] The measurement of glycosylated hemoglobin (HbA 1c ) is used in the long-term monitoring of DM. The level of HbA 1c has been widely accepted as an indicator of mean daily blood glucose levels (glycemic index) over the preceding 6-8 weeks.
Intensive glycemic control as measured by serum HbA 1c levels has been demonstrated in randomized trials to reduce diabetic complications, especially microvascular disease. This may be due to the fact that HbA 1c has special affinity for oxygen, thereby causing tissue anoxia, and plays a role in causation of micro-and macroangiopathy. [2] Retinopathy is related not only to hyperglycemia but also to the duration of DM. Oxidative stress has been implicated in the pathogenesis of DR. [3] It has been hypothesized that hyperglycemia may damage the vascular endothelium and the retina by inducing the synthesis of oxidant reactive species. Free radicals are chemical species possessing an unpaired electron which are generally very reactive that may lead to increased lipid peroxidation and depletion of antioxidants, and thereby enhanced oxidative stress in subjects with type 2 DM. Recently, there has been a focus on DNA damage due to oxidative stress and the emphasis lies on sensitive biomarkers indicating them. Damage to DNA may induce cell death or mutation that could give rise, several cellular divisions later, to cancer. There is an increasing interest in using oxidative DNA lesions as in vivo biomarkers of oxidative stress. The aim of this study was to correlate between all these risk factors in diabetic patients with retinopathy, diabetic patients without retinopathy, and healthy controls.
Materials and Methods
The study was conducted after obtaining usual permission from the Ethical Committee, and consent from subjects and controls were taken before commencing the study. The study group consisted of a total of 150 individuals divided into three groups studied from 2011 to 2012. Fasting blood sugar (FBS) > 126 mg/dl was taken to be the criteria for diagnosis of diabetes as per the American Diabetes Association guidelines, 2012. [4] Patients aged between 40 and 70 years, gender-matched in all the groups, were included in the study. All the diabetic patients enrolled in the study(Group 1 and 2) were screened for the presence of retinopathy by direct and indirect ophthalmoscopy and fundus photography who attended the outpatient and inpatient department at Regional Institute of Ophthalmology, Medical College, Kolkata. History and physical data were obtained from both groups of cases and controls. Systolic blood pressure and diastolic blood pressure were measured for all the subjects. Fifty cases of type 2 diabetes with retinopathy were included in Group 1. Fifty diabetic subjects without retinopathy changes based on fundoscopic examination were included in Group 2 and 50 age-and gendermatched normal healthy individuals were included in Group 3. In Group 1, nondiabetic patients presenting with retinopathy and any subject with a recent history of fever, infection, and chronic illness such as cancer, chronic obstructive lung disorders, cardiac diseases, stroke, gestational DM, and complications related to diabetes such as ulcers, neuropathy, and nephropathy which are known to affect oxidative stress parameters were excluded from the study. Any subject receiving antioxidant therapies were also excluded from the study. In Group 2, individuals with type 2 DM with diabetic retinopathy or other complications and on antioxidant drugs were excluded from the study.
La moyenne a réduit les niveaux de glutathion (GSH) étaient (mg/g d'Hb) 6.10 ± 1,41 (G1), 6,44 ± 1,53 (G2) et ± 13,09 2,49 (G3) ()P < 0,001). Les niveaux moyen en vitamine C (mg/dl) étaient 0,70 ± 0,24 (G1), 0.87 ± 0,29 (G2) et 1,25 ± 0,27 (G3) (P < 0,001). Conclusion : Estimation de HbA1C, MDA, BA dans les érythrocytes et les niveaux de vitamine C peut contribuer à déterminer l'étendue du stress oxydatif dans le diabète et l'aide dans le contrôle effectif et la prévention de l'apparition et la progression de la rétinopathie diabétique.
After obtaining written consent, with 8 h of fasting, 10 ml of venous blood was collected from the median cubital vein under complete aseptic precautions from all the subjects. First sample was collected in the tube containing fluoride and was used for the estimation of fasting blood glucose by glucose oxidase enzymatic method using the Diasys kit. [5] Second sample was collected in the tube containing Ethylene Diamine Tetraacetic Acid(EDTA) for the estimation of HbA 1c by immunoinhibition method International Federation of Clinical Chemistry and Laboratory Medicine,(IFCC) using the Diasys kit. [6] Blood sample from the anticoagulant (EDTA)-containing vacutainer was centrifuged at 3000 rpm for 10 min; supernatant plasma was used for ascorbic acid estimation by nonenzymatic method, using 2, 4-dinitrophenyl hydrazine (DNPH). [7] The buffy coat was discarded. The packed cells were suspended in equal volume of cold phosphate buffer saline and recentrifuged. The supernatant was discarded. The washing of packed cells was repeated twice; the packed cells were used for analysis of reduced glutathione (GSH) estimation in RBC by colorimetric method using 5,5'-dithiobis 2-nitrobenzoic acid (DTNB) as chromogen. [8] Determination of malondialdehyde (MDA) was carried out by Thio-barbituric acid reacting substances,TBARS method. [9] These parameters were analyzed in the Central Clinical Biochemistry Laboratory, Medical College, Kolkata.
Statistical analysis
The statistical software SPSS 11.0, International Business Machines Corporation, Systat 8.0, and Mann-Whitney U-test were used for the analysis of the data, and Microsoft Word and Excel were used to generate tables. Correlation of parameters was carried out using Pearson correlation coefficient. The percentage of significance was obtained on the basis of R-and P-values.
Results
The age of the patients was between 40 and 70 years for all the three groups. The mean age in diabetic patients with retinopathy was 58.56 ± 9.09 years, in diabetic patients without retinopathy 56.20 ± 9.89 years, and in controls 51.79 ± 10.12 years. In diabetic patients with retinopathy, the number of men was 36 and women was 14. Among the diabetic patients without retinopathy, the number of men was 39 and women was 11. The control group included 34 men and 16 women. The cases and controls were gender-matched. The mean duration of DM in diabetic patients with retinopathy as indicated by their history was 15.4 ± 1.06 years, and in diabetic patients without retinopathy, it was 4.84 ± 1.15 years.
There was a significant increase in the HbA 1c levels in diabetic patients with retinopathy compared to that in diabetic patients without retinopathy (P < 0.001). Mean values of FBS, HbA 1c , and MDA, and antioxidant parameters (glutathione and vitamin C) in cases and controls are depicted in Tables 1 and 2, respectively. Table 3 depicts the age distribution in Group 1, Group 2, and Group 3. Duration of diabetes in Group 1 and Group 2 with FBS levels is depicted in Tables 4 and 5 , respectively. Table 6 depicts the blood pressure in all the groups. Systolic blood pressure has significance in Group 1 (P < 0.01). Table 7 depicts the values of correlation of HbA 1c (%) with the indices of oxidative stress. Correlation graphs of FBS versus MDA and FBS versus vitamin C are depicted in Figures 1 and 2 , respectively. shown in our results. Our findings are in agreement with previous studies [10, 13] which proposed that the duration of DM is probably the strongest predictor for the development of retinopathy. Studies have also shown that for every 5-year increase in the duration of DM, the risk of DR increases by 1.89 times. [10] The above findings show that the duration of DM is one of the important risk factors in the development of DR. This study revealed there was a significant increase in the FBS levels and HbA 1c levels in diabetic patients with retinopathy and in diabetic patients without retinopathy, when compared with that in the controls. Similar findings of increased FBS and increased HbA 1c are seen in the previous studies. [14] In our study, we found increased lipid peroxidation in terms of MDA in diabetics compared with controls 
Discussion
DR is one of the microvascular complications of DM. It is one of the leading causes of acquired blindness due to microangiopathy affecting the retinal arterioles, capillaries, and venules. [10] Damage is caused by both microvascular leakage and microvascular occlusion. A series of risk factors have been related to the development and progression of retinopathy in diabetic patients. In this study, the number of cases in DR group was found to be more between the age group of 56-70 years (56%). It was observed that DR was found to be higher in men compared with women. Several studies revealed that DR is more prevalent among men compared with women. [11] [12] [13] Female preponderance over males has been found in Joslin Clinic patients.
The mean duration of DM in diabetic patients with retinopathy was 15.4 ± 1.06 years and in diabetic patients without retinopathy, it was 4.84 ± 1.15 years. The duration of DM was significantly higher in diabetic patients with retinopathy compared with that in diabetic patients without retinopathy, as and this increase was more in diabetic retinopathy. Gallau et al. [15] demonstrated that lipid peroxides (MDA) were higher in diabetics with retinopathy compared with those with diabetics without retinopathy. Yildiz et al. [16] also identified higher MDA levels in the group with retinopathy, compared with those in the group without retinopathy. There are a few biochemical mechanisms that explain the reason for this rise. The increase in the blood free fatty acid levels depending on the degree of lipolysis results in an increase in MDA production. Increased MDA levels of diabetic individuals may take origin from the peroxidative damage of the membrane lipids. Jennings et al. [17] have shown that increased free radical activity leads to an increase in thrombotic tendency and a reduction in prostacyclin stimulating factors depending on the increase in thrombocyte reactivity in diabetics. Since lipid peroxides play a major role in the formation of vascular tissue damage, it is suggested that an increase in MDA in diabetes can be effective in the pathogenesis of diabetic angiopathy. It has been indicated that an increase in free fatty acids along with lack of insulin contributes to high MDA levels.
In our present study, there was a statistically significant decrease in the GSH and in vitamin C levels in diabetic retinopathy and diabetic without retinopathy groups, when compared with the control group. There was a statistically significant decrease in vitamin C levels in diabetic retinopathy when compared to diabetic without retinopathy group (P < 0.05). We found that in our study, there was no statistically significant correlation between GSH and other parameters in all three groups, but there was statistically significant correlation between vitamin C and FBS levels in the control group (P < 0.05).
Our findings agree with the previous study which included 25 patients with Proliferative Diabetic Retinopathy,PDR (1), 25 patients with Non-Proliferative Diabetic Retinopathy,NPDR (2), and 25 nondiabetic control to know the severity of DR, by measuring serum copper, zinc (Zn), nitric oxide, glutathione, advanced oxidation protein products (AOPP) levels, and superoxide dismutase (SOD). The study showed no difference in levels of SOD and Zn between the groups; statistically significant differences were observed for GSH, NO, and Cu levels when compared to the control group. AOPP levels were statistically increased in group I when compared to the control group. The study suggested that hyperglycemia in DM is associated with accelerated nonenzymatic glycation and oxidative stress. [18] Similar studies have shown statistically significant decrease in GSH levels in DR and diabetic without retinopathy groups, when compared with the control group. [19, 20] A previous study has also shown statistically significant decrease in vitamin C levels in DR and diabetic without retinopathy groups, when compared with the control group. [21] A previous study conducted included 33 patients with type 1 diabetes, 27 patients with type 2 diabetes with DR(II), and 32 nondiabetic controls, by measuring MDA, conjugated diene (CD), AOPP and 8-hydroxydeoxyguanosine (8-OHdg) levels, and SOD. The study showed significant increase in MDA, 8-OHdg, CD levels, and AOPP levels in DR and DM when compared to controls. It also showed significant increase in MDA, 8-OHdg, CD levels, and AOPP levels in DR when compared to that in DM. The study suggested that oxidative stress is an important risk factor in the development of retinopathy. The levels and the type of serum oxidative stress by-products will favor in predicting the amount of retinopathy. [22] A previous study investigated for a new sensitive biomarker of oxidative DNA damage in vivo. Oxidative stress relates to the pathogenesis of diabetic microvascular complications like DR. So they studied urinary levels of 8-OHdg in patients with type 2 diabetes and found it to be higher along with a positive correlation with HbA 1c values. Hence they concluded that 8-OHdg is a sensitive biomarker for early diagnosis and treatment of patients with DR. [23] These observations support the suggestion that chronic hyperglycemia can influence the generation of free radicals, which may lead ultimately to increased lipid peroxidation and depletion of antioxidants and thereby enhanced oxidative stress in subjects with type 2 DM. Studies have suggested that increased capillary permeability, microangiopathy, and retinal ischemia are probably due to the combined effects of various risk factors.
Several limitations are present in this study. First, the presence of DR was studied in detail, whereas nephropathy, neuropathy, and cardiovascular complications were only estimated clinically. Second, the study's cross-sectional nature prevents conclusions concerning the predictive value of advanced glycation end-products (AGEs) for complication development. Third, this study is a cross-sectional study compromising a small group; therefore, the directionality of associations cannot be clearly established. Last, the findings for DR is based wholly on ophthalmoscopy (direct/indirect) findings and without the benefit of fluorescein angiography (FA). So, large-scale clinical trials to establish the role of oxidative stress in the pathogenesis and progression of DR are worth undertaking.
Conclusion
GSH and vitamin C levels were significantly altered in DM with complications and without complications when compared to that in normal individuals, suggesting the role of uncontrolled hyperglycemia as a cause and consequence of oxidative stress. With poor glycemic control, oxidative stress (measured by increased MDA levels) in diabetes can cause profound damage to the vital organs in the body. Hence, determination of GSH in erythrocytes and vitamin C levels can contribute to know the extent of oxidative stress in diabetes and help in effective control and prevention of the onset and progression of complications like DR.
